In this research the analysis of the impact of the new road traffic safety law (new RTSL)
INTRODUCTION
Serbia has a whole century of experience in normative regulation of traffic in accordance with international conventions, agreements and other obligations. Serbia was one of the signatories of the first international Car traffic convention (Paris, 1909) . Based on this convention, The law of public overland roads (1910) was legislated and so were the 'roads building regulation', and later on also 'the command of public transport in Belgrade' and other regulations. During the year 1910, in Serbia, drivers' trainings, first driving tests and vehicle registration were organized. Serbia, or the Kingdom of Serbs, Croats and Slovenes was also a signatory of the following international traffic conventions (Paris, 1926) . Each one of the conventions and every international agreement have entered quite quickly into the inner law *Corresponding author. E-mail: b.antic@sf.bg.ac.rs. Tel: +381113091270. and caused changes and improvements in the national laws and other traffic safety regulations. After the Second World War, when the international Road traffic convention and Road traffic protocol were adopted in Geneva (1949) , in Yugoslavia (including Serbia), the Regulation of the road public transport (1950) was adopted and then also the Basic road traffic safety law (1965) . Based on the Road traffic convention and Road signal convention (Geneva, 1968) , a whole system of traffic safety regulations was legislated in Yugoslavia, headed by the federal Law about the basics of the road traffic safety (1988) and the republic laws about road traffic safety (1982) . After adopting the Constitution of the Republic of Serbia, frames were made for legislating a unique law that would solve traffic safety problems in Serbia. Namely, article 97 (point 13) of the Constitution anticipates that the Republic of Serbia will arrange and provide a regime and safety of all traffic kinds. Road traffic safety law (RTSL) was published in Sluzbeni Glasnik RS ('official messenger') on the 2nd of June, 2009, it became official on the eighth day after publishing and has been implementing since the 10th of December 2009.
New RTSL is harmonized with the changes of the European traffic convention and contemporary requests and changes which were adopted by legislation systems of the countries members of the European Union, it consist of 22 chapters and they are: 1) Basic decrees. 2) Basic road traffic safety policies.
3) The grounds of traffic safety systems. 4) Traffic rules. 5) Sports and other events on the road. 6) The necessary traffic conditions. 7) Traffic signals. Among others, one of the most important newness or the new RTSL are more severe sanctions, so for more serious violations such as red-light crossing, forbidden overtake, larger speeding and driving under influence, there is a cumulative sanction that includes a fine, driving prohibition (for a period of one month to one year) and a certain number of penalty points (minimum 3 and maximum 14). The maximum number of penalty points that a driver can collect is 18 and the period when the points are being collected is two years. If a driver collects 18 points in a two-years time, his driving license will be taken away and a new driving test passing will be necessary, and in case that a driver collects 18 points for the third time then he will permanently lose the driving license and right to steer a vehicle. For most serious penalties such as driving under the influence with more than 2 mg/ml of alcohol or in case of a violent driving, beside the mentioned sanctions, there will also be an obligatory prison sentence lasting from minimal 15 to maximum 60 days. In this paper the impact of the new RTSL on the decrease of the number of killed and injured Antic et al. 6177 in traffic accidents in Belgrade, the capital of Serbia is being analysed. For the purpose of discerning the effects of applying the new RTSL, the number of killed and the weighted number of casualties ( In Serbia, the term traffic accident denotes an accident that occurred on a road or was started on a road, where at least one moving vehicle participated, at least one person was injured or dead or some material damage was made, and the term traffic fatality denotes a person who died at accident site or died of injuries caused by the accident in the period of 30 days after the accident (Vujanic et al., 2010) . The data used in this research are the official data of Republic of Serbia -Ministry of Internal Affairs -Traffic Police, and casualties were, according to official procedures, classified to fatalities, seriously injured and minorly injured. In Serbia it is obligatory to conduct a police investigation for every traffic accident with casualties, and beside the investigation, data are also collected from all medical institutions, so there is no possibility for someone to be hospitalized due to traffic accident injury, and that the data about the cause and severity of the injury are not sent to Republic of SerbiaMinistry of Internal Affairs -Traffic Police. Besides, the collected data are supplemented by the data from insurance, and in that way under reporting of traffic accidents is reduced to a minimum and a possible occurrence of unrecorded traffic accident casualties could happen only with minorly injured in traffic accidents who did not ask for medical help. Qualifying the severity of the injury, meaning, is an injury serious or minor, is done by doctors in medical institutions based on detailed procedures. Serious injuries are usually life-threatening injuries, that is, vital organs injuries or fractures that require longer treatment, whereas minor injuries are most often injuries where a person, after being hospitalized and given medical help is released on home treatment.
Belgrade occupies a total area of 322.268 ha, where 35.996 ha is a more narrow city area, and is divided into 17 administrative city boroughs (Cukarica, Vozdovac, Vracar, Novi Beograd, Palilula, Rakovica, Savski venac, Stari grad, Zemun, Zvezdara, Barajevo, Grocka, Lazarevac, Obrenovac, Mladenovac, Sopot and Surcin). According to the census from the year 2002, 1.576.124 permanent inhabitants live on the wider territory of Belgrade and 1.273.651 inhabitants in a more narrow area. The overall length of road network of Belgrade is 5.850 km, where 46 km are highways, 237 km are main roads, 676 km regional roads and 4.891 km local roads.
LITERATURE REVIEW
Analyses of the researches made so far, which dealt with the impact of the law, that is, with the appropriate sanctions and enforcement, show that the number of traffic accidents and violations most frequently decreases if the punishments are more severe and the legal compulsion made by the competent legal authorities increased by frequent controls. Namely: rare are the cases when the law implementation and coercion enlargement did not result in a decreased number of traffic accidents and consequences. By applying gametheoretic model, Tsebelis (1989 Tsebelis ( , 1990 Tsebelis ( , 1993 and Bjornskau and Elvik (1992) showed that most attempts in enforcing road traffic legislation will not have any lasting effects; and Rajman and Lisicin (2010) showed that applying new traffic safety law in Croatia did not give any positive effects in diminishing traffic accidents' consequences. On the other hand, Parker et al. (1995a) and Aberg (1998) showed that enforcement is necessary in order to increase traffic regulations obedience, whereas Elvik and Christensen (2007) indicated that traffic safety improvement is possible by augmenting the risk of detection and penalties. Tominc (2002) analysed the impact of new traffic safety law implementation in Slovenia and found out that the new road traffic safety law had a very positive impact on the number of traffic accidents, especially in the first year after adoption. Reason et al. (1991 ), De Waard et al. (1994 , Parker et al. (1995a) , Vaa (1997) , McFarland and Moore (1957) , Hakkert et al. (2001) , Newstead et al. (2001) , Papaionnou et al., (2002) , Redelmeier et al. (2003) and Elvik (2011) have noticed a higher traffic safety level, meaning a decreased number of traffic accidents and violations caused by a more severe and more frequent punishing. The behaviour of traffic participants is tightly connected to enforcement; so Vaa (1995) showed that by augmenting the penalties and police controls, the number of drivers who make speeding violations decreased, which Redelmeier et al. (2003) confirmed showing that a larger enforcement resulted in diminishing the risk of traffic accidents. By analyzing the methods of determining the impact of the new RTSL on the decrease of the number of traffic accidents and the number of casualties, it can be concluded that in current practice most used methods are: time-series analysis (Tominc, 2002) , analysis and synthesis, mathematical statistics as well as trend assessment (Rajsman and Lisicin, 2010) , but also system reliability theory (Jovanovic et al., 2011) .
Literature review showed that by augmenting the enforcement, meaning more severe penalties and more frequent controls, in most cases the number of traffic accidents and violations will decrease, which will have a positive effect on increasing traffic safety level.
METHODS
In order to notice the effects of a larger enforcement, by implementing the new RTSL on the decrease of the number of killed and injured in traffic accidents, in this paper it is shown original method of comparing the level of the endangerment in traffic in Belgrade, expressed by number of killed and injured in traffic accidents, for the period of 2002 to 2009 to the data for the year 2010, that was the first year of the new RTSL implementation. For that purpose, bearing in mind the severity of the consequences, the casualties are classified into: killed, minorly injured and seriously injured and also they were analysed according to the sort which was obtained by using time series and especially АRIMA modelling which is usually used for forecasts in traffic (Box and Jenkins, 1970; Scott, 1986; Sabry et al., 2007; Quddus, 2008; Sukhai et al., 2011) The second part of this paper represents the comparative analysis of the observed number of each class of the casualties (killed, minorly injured and seriously injured) by months in 2010, to the forecasted monthly value for 2010 which was conducted by using ARIMA modelling.
RESULTS

Effects of the new RTSL by observing the decreased number of the traffic casualties (step 1)
By observing composite rang for minor injuries (CMR), serious injuries (CSR) and fatalities (CFR) in traffic accidents in Belgrade, it can easily be noticed that the number of minor injuries in 2010, compared to the observed period (2002 to 2009) is increased by 25.4%, whereas a reduction was noticed in the number of serious injuries (8.6%) and fatalities (26.5%). The increase in the number of minor injuries in traffic can be explained by the fact that in 2010 there was an increase in passive traffic safety, which resulted in the fact that a certain number of traffic participants gained serious injuries instead of fatal injuries and a certain number gained minor injuries instead of the serious ones. The best way to prove that there was an improvement in passive traffic safety is by looking at the research made parameters, but the number of fatalities in 2010 was significantly reduced. Namely, the decrease in the number of fatalities in 2010 compared to the average value for the period of 2002 to 2009 was 32.7% and compared to the predicted value 30.2%. When we talk about passengers, we can say that the number of minor injuries increased by 25.5% in 2010, compared to the average value, and 76.5% compared to the minimum recorded value during the observed period, whereas compared to the predicted value based on the noticed trend, there was a decrease of 1.2%. The number of serious injuries and fatalities in 2010 is reduced by all the observed parameters. Compared to the predicted value, the decrease in the number of serious injuries in 2010 was 11.8%, and the decrease in the number of fatalities was 35.4%. The noticed results for drivers and passengers indicate that passive traffic safety was improved by a larger use of safety belts, because the number of fatalities was reduced and the number of minor injuries increased. The decrease in the number of seriously injured passengers, compared to the increase in the number of seriously injured drivers can be described by the fact that in Belgrade the average number of persons in a vehicle is small, only 1.2 per vehicle (Vujanic et al., 2010) , so more frequent are those accidents where only a driver was in the vehicle. Table 2 shows the review of the number of serious injuries in Belgrade in 2010 and during the period of 2002 to 2009. Table 3 shows the review of the number of fatalities in Belgrade in 2010 and during the period of 2002 to 2009. One of the main reasons of the decrease in the number of vulnerable road users is new RTSL decree about speed limit reducing to 50 km/h in settlements, compared to the speed limit of 60 km/h, which was applied during the period of 2002 to 2009. That way, collision speeds were also reduced, what is a basic cause of the decrease in the number of pedestrian and cyclist casualties in 2010. Compared to the predicted values, it was noticed that the number of minorly injured pedestrians decreased by 23.3%, seriously injured pedestrians by 13.4% and fatalities by 13.4%. The decrease is even more expressed for cyclists, where the number of minor injuries was reduced for 27.1%, seriously injured 29.2% and fatalities 27.9%.
Although new RTSL does not oblige cyclists to use protective helmets, but only motorcyclists, cyclists in Belgrade are informed, through the media, that 80% of cyclists get fatal head injuries (Jecmenica et al., 2010) , so that in 2010 the use of protective helmets for cyclists increased (Vujanic et al., 2010) , which resulted in the fact that in collisions they were more protected than pedestrians.
THE EFFECTS OF THE NEW RTSL BY COMPARING THE OBSERVED AND FORECASTED NUMBER OF CASUALTIES (STEP 2)
The number of the observed casualties in 2010, with all types of consequences is lower than the values predicted by using ARIMA modelling, whereby the number of minor injuries decreased by 93, serious injuries by 59 and fatalities by 45 persons. If we notice the differences in the observed and predicted number of casualties by months, for every category of casualties (minor injuries, serious injuries, fatalities), we can see that February is the month when the effects of new RTSL are most expressed. Observed number of the minor injuries is by 42% lower than the predicted value, for seriously injured the decrease is 54% and the number of fatalities in February is 82% less than the predicted value. The important thing to mention is that the effects of new RTSL were weaker and weaker as the year 2010 went to its end, so that in November and December the noticed values of traffic casualties are significantly larger than the predicted ones. The number of minor injuries in December is 22% larger than the predicted value, and the number of seriously injured is 47% larger, whereas the number of fatalities in November increased by 23%. Table 4 shows the observed and ARIMA model forecasted casualties in traffic in Belgrade for 2010. 3) By analyzing the effects of new RTSL implementation in Belgrade, it was noticed that the changes in the number of casualties are different for minorly injured, seriously injured and fatalities. Namely, the effects apparently weaken together with the weakening of consequence severity, because the largest effects were made in the number of fatalities, which decreased by 26.5%, the number of seriously injured decreased by 8.6%, whereas the number of minorly injured increased by 25.4%. These results mainly came as a consequence of a larger use of safety belts, from 30% during the period of 2002 to 2009 to 70% in 2010 and a speeding decrease by 13% (Ministry of Internal Affairs -Traffic Police). The consequence of passive traffic safety improvement achieved by new RTSL implementation led to the fact that a certain number of fatalities after new RTSL implementation in 2010 was 'categorized' as both minor or serious injuries and also a certain number of those categorized as seriously injured before new RTSL implementation in 2010; became minorly injured in 2010, which is the main cause of the increase in the number of minorly injured in 2010 by 25.4%. 4) New RTSL implementation reflected differently at the discussed categories of traffic participants, so that, differently than drivers and passengers, for vulnerable road users, a decrease was noticed for both fatalities and injuries, whether it was minorly injured or seriously injured pedestrians and cyclists. One of the main reasons why that happened are new RTSL decrees about speeding decrease in settlements from 60 to 50 km/h, but also the decrees concerning introducing pedestrian zones, slow traffic zones, where speed limit is maximum 10 km/h, zone 30 and school zones where speed limit is 30 km/h. Bearing that in mind, collision speeds in accidents with vulnerable road users were also reduced, what led to previously described results. 5) Although the described results talk about traffic casualties decrease during the first year of new RTSL implementation by comparing the noticed ones and applying ARIMA model of predicted monthly values for 2010, it was shown that from February, when the largest traffic casualties decrease was achieved, effects of new RTSL weakened as the year was finishing. In November, all the noticed values of traffic casualties are larger than the predicted ones, whereby the number of fatalities is 23% larger and seriously injured 27%, whereas in December, the number of seriously injured increased by even 44%. The reason why the effects are so expressed in February are intensive media actions that promoted new RTSL which started in January, 2010, but were not continued in full intensity during the second half of the year, what might have led to a significant weakening of the effects of new RTSL at the end of 2010.
CONCLUSION
Having in mind previously, it is obvious that new RTSL implementation in Belgrade and Serbia caused by the new legislation decrees and increased fines, in 2010 which was the first year of new RTSL implementation led to positive effects manifested by the previously described decrease in the number of traffic accidents casualties. It can also be noticed that the effects weakened after barely 12 months, and what was proposed is to change the strategy for traffic safety improvement through enhancing of public awareness about the importance of safe participation in traffic by media campaigns, actions, but also by implementing new measures recognized by the scientific community. It can be concluded that the implementing of new RTSL itself is not enough for long-term effects in traffic safety improvement, but a constant enhancing of traffic participants awareness and a detailed planning of legal decrees implementation could provide a decreasing trend in the number of traffic accidents casualties.
